upwelling was modified, and warm, saline and oxygen rich water was upwelled. Despite some weak El Niño related SST increase at ~12 to 16°S, the upwelling of cold, low salinity and oxygen-poor water was still active at the easternmost stations at three sections at ~12°S, ~14°S and ~16°S, while further west on these sections a transition to El Niño conditions appeared. Although in early 2015 the El Niño was strong and in October 2015 showed a clear El Niño influence on the EUC, in the eastern tropical 25
present along Central America and in the eastern North Pacific at 20-25°N. This feature, also known as 'The Blob', is an unrelated positive temperature anomaly which developed in 2013 in the Gulf of Alaska and progressed along the North American continent to the 20-25°N region in mid-2015 (Kintisch, 2015) .
The only El Niño events since 1950 with an October maximum ONI of more than 1.7, or an overall 5 maximum of 2.0 or larger, are the 1972/73, 1982/83 and the 1997/98 El Niños. In early 2015 the ONI index was even larger than the ONI index of these 3 large El Niño events, while in October 2015 it was at a similar strength as the three earlier strong El Niños (Fig. 2) . Accordingly, the 2015 El Niño has to be listed as one of the 4 strongest El Niño's since 1950. 
Background information
The hydrographic distribution in the eastern equatorial Pacific is influenced by a seasonal cycle as well 15 as El Niño related cycles. At 110°W in the eastern Pacific west of the Galapagos Islands, relationships between zonal velocity, temperature, and salinity in the EUC are all evident in the seasonal cycle. The EUC peaks in strength around April/May, when it also surfaces (Johnson et al., 2002) . The thermocline is extremely sharp and shallow. The equatorial spreading of the thermocline associated with the EUC is noticeably stronger during April than in October, when in April equatorial SST is lowest and the South 20 Equatorial Current (SEC) is strongest. The laterally isolated salinity maximum within the thermocline just south of the equator is strongest when the EUC velocity is at its greatest (Johnson et al., 2002) , and this is also visible in the sea surface salinity (Supplement Fig. S2 ) from the MIMOC climatology (Schmidtko et al., 2013) . Between austral fall and winter the ODZ core in the eastern South Pacific at the equator intensifies from 16 to 15 µmol O 2 L -1 for the mean oxygen concentration and from 8 to 5 25 µmol O 2 L -1 for the minimal oxygen concentration (Paulmier and Ruiz-Pino, 2009 ).
Ocean Sci. Discuss., doi:10.5194/os-2016 Discuss., doi:10.5194/os- -14, 2016 Manuscript under review for journal Ocean Sci. Weaker trade winds during El Niño conditions result in a weaker equatorial circulation while stronger trade winds during La Niña conditions lead to a stronger equatorial circulation (Johnson et al., 2002) .
During La Niña, the current system at 110°W is spun upwards when compared to El Niño. The cold tongue located in the eastern tropical Pacific is quite weak during El Niño. Surface salinities are generally fresher during El Niño than during La Niña, a feature which is at least partially a product of 5 increased local precipitation associated with the eastward migration of warm sea surface temperatures and convection, and partly a result of the reduced trade winds (Johnson et al., 2002) . For the [1996] [1997] [1998] El Niño-La Niña cycle, a very fresh mixed layer in the eastern equatorial Pacific late in the El Niño, and a reduction of the strength of the meridional equatorial salinity gradient within the pycnocline to one third of the usual value during the El Niño was observed (Johnson et al., 2000) . Hence, during El Niño 10 events higher salinity should be expected near the pycnocline.
Observations for the 2015 El Niño
SST anomalies for the period 27 September to 24 October 2015 showed an SST anomaly of 2.0-2.5°C at 85°30'W at and south of the equator, and of 1.5-2.0°C just north of the equator (Supplement Fig. S1 ). 15
In the upper 100 m of the water column, oxygen, temperature, salinity and density profiles at the equator on the ~85°30'W meridian (Fig. 3) In February 2009 the ONI index was for the fourth and last month -0.5 or less, therefore conditions were similar to a weak La Niña event and we will refer to it as 'La Niña-like' hereinafter. In February 2009, in the upper 100 m at the equator at ~85°30'W the oxygen and temperature were lowest and the 25 density highest compared to the other 3 periods (Fig. 3) , representing an expected La Niña parameter distribution. The hydrographic profiles in the neutral ONI period in November 2012 mainly lay between the El Niño profiles for March 1993 and October 2015, and the La Niña-like profiles in February 2009. Ocean Sci. Discuss., doi:10.5194/os-2016 -14, 2016 Manuscript under review for journal Ocean Sci. (Fig. 3) . In October 2015 the salinity compared to the 3 other years was lowest in a deep thermocline in the upper 40 m as expected for the surface layer during an El Niño event because of 5 the reduced equatorial upwelling. In contrast, a weak salinity maximum was located below 40 m as expected near the pycnocline as saline warm water progresses from the western Pacific eastward during El Niño. In the profiles to 400 m depth, the higher temperature and salinity, and lower density reached down to ~350 m in October 2015, while the oxygen profile below 130 m merges with the profiles from the other measurement periods (Fig. 4) . 10
The strong thermocline/pycnocline of the eastern tropical Pacific is also a strong nutricline. A consistent general pattern is that nitrate and phosphate increase with depth to ~500 m with a slight maximum at At 1°N, ~85°30W in the 50-300 m layer, salinity and temperature were higher and the density lower in 25
October 2015 than at the 3 other times, however, the oxygen was not significantly higher during this time (Supplement Fig. S3 ). At 2°30'S, ~85°30'W in the 50 to 250 m layer, the salinity, temperature and oxygen were lower and the density higher in the La Niña-like month of February 2009 than at the other Ocean Sci. Discuss., doi:10.5194/os-2016 Discuss., doi:10.5194/os- -14, 2016 Manuscript under review for journal Ocean Sci. During El Niño events the equatorial circulation system of the Pacific weakens, and the eastward flowing EUC has been found to decay (Kessler and McPhaden, 1995, Johnson et al., 2002) and partially reverse, e.g. during the 1982 -1983 El Niño at 159°W in September 1982 (Firing et al., 1983 . During 25 the 1997/98 El Niño shipboard current measurements showed that the EUC virtually disappeared across much of the Pacific basin, associated with the weakening or even the reversal of the equatorial pressure gradient within the pycnocline (Johnson et al., 2000) . For the 1982-1983 El Niño there seems to be a Ocean Sci. Discuss., doi:10.5194/os-2016 Discuss., doi:10.5194/os- -14, 2016 Manuscript under review for journal Ocean Sci. Table 2 ). The months before these measurements had no large ONI index values and should represent the non-El Niño EUC transport in this region for November. The transport of 10.78 Sv in November at 85°50'W is less than the November minimum at 95°W of ~15 Sv, and seems to be a reasonable estimate east of the Galapagos Islands, as the EUC transport decreases in the eastern Pacific.
The core of the EUC below 200 m is quite deep and agrees with the seasonal cycle where the EUC 20 should be located at deeper depth in austral spring.
The upwelling region off Peru

Background information
Off Peru a highly productive year-round upwelling system is located between 4 and 16°S (Chavez and Conditions which develop along the coast of Ecuador, Peru and northern Chile during El Niño events 10 include a strengthening of the poleward flow along the coast of Peru, persistent deepening of the thermocline, reducing or even reversing the prevailing upwelling induced land-sea temperature gradient, and a southward shift in the position of the ITCZ which brings heavy precipitation to normally arid regions (Strub et al., 1998) . A reduction in coastal cloud cover due to warmer water next to the coast may enhance insolation and reduce atmospheric pressure over land, maintaining the pressure difference 15 and winds over the coast. As a result, upwelling-favourable winds are not greatly reduced when El Niño conditions are observed in the ocean (Strub et al., 1998) . In general, upwelling-favourable winds and upwelling continue during El Niño events, and water continues to be drawn from 50-100 m depth to the surface layer, but the thermocline and nutricline are displaced downward and thickened, so that upwelling during El Niño brings only warm and nutrient-poor water to the surface (Strub et al., 1998) . 20
The intensity of the upwelling appears to be determined by an interplay between alongshore, poleward advection, and wind intensity, but also by the cross-shore geostrophic flow and distribution of the water masses on a scale of 1000 km or more (Colas et al., 2008) . In relation to the downward displacement of the thermocline and nutricline, the oxycline is displaced downward. For the 1997/98 El Niño event,
Helly and Levin (2004) 
Observations for the 2015 El Niño
The SST anomalies for the period 27 September to 24 October 2015 (Supplement Fig. S1 ), showed a strong SST anomaly of 1.5-2.0°C between 8°S and 14°S and a weaker anomaly of 0.5-1.5°C between 14°S and 20°S. Differing hydrographic distributions were measured off Peru at ~9°S in December 2012 with a neutral ONI status, and in October 2015 with the strong El Niño. In the entire upper 300 m at 5 ~9°S, temperature, salinity (Supplement Fig. S5 and S6) and oxygen (Fig. 8) (Fig. 9) . The oxygen concentration between the isopycnals   = 25.6 and 25.8 kg m -3 was even lower in October 2015 than in December 2012 in the upwelling region east of ~77°30'W (Fig. 9) . However, below the oxycline below 50 m depth, temperature, salinity and oxygen concentrations (Supplement 25 related to a stronger poleward flow which has been shown to be a characteristic of El Niño events (Strub et al., 1998) .
At ~14°S at the easternmost station near the shelf, the oxygen distribution is quite similar for December 2012 and October 2015 (Supplement Fig. S8 At ~16°S the oxygen concentrations at the shelf were lower in October 2015 than in December 2012 10 (Supplement Fig. S9 ), indicating similar as at ~14°S non-El Niño upwelling close to the shelf. The higher oxygen near the shelf in December 2012 was probably related to an unusual distribution related to an eddy located near the ~16°S section (e.g. Stramma et al., 2013; Czeschel et al., 2015) . The SST at ~14°S and ~16°S was lower in October 2015 than in December 2012, hence the slight increase of SST by El Niño did not compensate the typical seasonal SST signal. Different to the sections at ~9°S, ~12°S 15 and ~14°S, at ~16°S the density distribution below the thermocline did not shift to higher densities in October 2015 which shows that the El Niño influence at 16°S was the weakest of the 4 shelf sections.
In summary, the temperature, salinity and oxygen measurements all indicate that during October 2015 the El Niño was strongest along our northern transects and weakest along our southern transects. This was also apparent in the nutrient properties between the northern and southern portions of our study 20 region. As outlined above, at 12°S the N:P ratio was higher and nitrite concentrations were lower during October 2015 when compared to the non-El Niño period of December 2012, both of which point to a reduction in the magnitude of denitrification. When comparing the differences between coastal nutricline N:P ratios and nitrite concentrations along the coast, we found that the differences between October 2015 and December 2012 decreased between 12°S and 14°S, and again between 14°S and 25 16°S (data not shown). This again highlights the potential for El Niño events to impact N loss processes and upper water column biogeochemistry.
Ocean Sci. Discuss., doi:10.5194/os-2016 Discuss., doi:10.5194/os- -14, 2016 Manuscript under review for journal Ocean Sci. , 2011) . According to earlier observations, the disappearance of the EUC in the eastern Pacific seems to be related mainly to strong El Niño events. For the very strong 1982/83 El Niño, a disappearance of the EUC was described for the eastern Pacific (Halpern, 1997), whereas for the strong 1997/98 El Niño the EUC disappeared over all longitudes (Izumo, 2005) . In contrast, during the moderate El Niños of 1986/87 and 1991/92 a disappearance was described in the western and central 25
Pacific, but only a weakening in the eastern Pacific (McPhaden et al., 1990; McPhaden and Hayes, 1990; Izumo, 2005; Kessler and McPhaden, 1995; Seidel and Giese, 1999) . Ocean Sci. Discuss., doi:10.5194/os-2016 -14, 2016 Manuscript under review for journal Ocean Sci. 
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